Previously the macroscopic behavior of superconducting tubes, cylinders, and slabs in parallel fields [ 8,9, lo] , and of disks in axial fields [ 111, has been accounted for by using critical state models. In this paper such a model is applied to the problem of the magnetic behavior of tubular superconductors in transverse fields. Since the equations which determine the actual form of the induced current pattern for this geometry are quite complicated, an approximate form for the critical state current pattern was used.
CRITICAL CURRENT MODEL
The response of the superconductor to an applied transverse field was modeled by assuming that the critical currents flow axially down the sides of the tubular samples and follow circular arcs across their ends (Fig. 1 ). An expression for the transverse field at a point along the axis a distance Q, from one end and a distance 1, from the other end of a pair of circular-head coils can be derived from the Biot-Savart Law [ 121. The result is:
where, as shown in Fig. 1 ,
(1) L = ml 4.12 = length of the straight segments R= radius of the curved end segments 2@ = angle included by a curved end segment.
The field generated by the critical currents in the sample was computed by summing field contributions from a series of such pairs of circular-head coils arrayed on the sample surface.
The number of pairs of current paths, N, was typically between 15 and 31. The current per path was set equal to the product of an assumed current density and the cross-sectional area of the current paths :
Thin-walled samples were modeled by setting the effective thickness of the current paths, Ar, equal to the thickness of the sample wall, while thick- The field due to currents flowing over a limited portion of the sample surface was calculated by restricting the values of + to between n/2 and some angle greater than zero. However, the field profiles along the axis of the tube were insensitive to such changes as long as the total circulating current was kept constant. It was also possible to vary the current density with angular position in a given manner. A current distribution, J = Jo sin @, expected to generate a roughly uniform transverse field inside the tube, produced Bx(z) curves with a form similar to ones generated with J(e) = constant, but with approximately half the peak field intensity.
A variation of the current model was applied to the problem of analyzing the trapping of transverse quadrupole fields. An ideal 2-dimensional quadrupole field is generated in the interior of a long tubular conductor by a cylindri- Even with the overlap, the assembly acts as two nearly independent spirals rather than one long tube. The field penetrates through any available opening or break in the superconductor, and as a result the shielding currents in each section of the assembly flow in the manner required to shield the field from that section. Therefore, when building up a large device from smaller subsections, sufficient overlap must be provided to attenuate the field penetrating through the breaks in the superconductor. The current model described here can be used to model the effect such breaks will have on the performance of the device.
Quadrupole Fields
Several samples, including a hollow lead cylinder and two hollow niobium cylinders, have been tested in quadrupole fields [ 2, 3] . The simple current model was able to account for the trapping capabilities of these samples. Current levels predicted by (2) 
